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We undertook a retrospective study of 50 consecutive patients (41 male, 9 female) with an 
infected nonunion and bone defect of the femoral shaft who had been treated by radical 
debridement and distraction osteogenesis. Their mean age was 29.9 years (9 to 58) and they 
had a mean of 3.8 (2 to 19) previous operations. They were followed for a mean of 5.9 years 
(2.0 to 19.0). The mean duration of the distraction osteogenesis was 24.5 months (2 to 39). 
Pin-track infection was observed in all patients. The range of knee movement was reduced 
and there was a mean residual leg-length discrepancy of 1.9 cm (0 to 8) after treatment. One 
patient required hip disarticulation to manage intractable sepsis. In all, 13 patients had 
persistant pain. Bony union was achieved in 49 patients at a mean of 20.7 months (12 to 35). 
Although distraction osteogenesis is commonly used for the treatment of infected 
femoral nonunion with bone defects, it is associated with a high rate of complications.
Intramedullary nailing is a standard treatment
for fractures of the femoral shaft.1 Rates of non-
union after antegrade intramedullary nailing
have been reported to range between 0.9% and
8.0%.2-5 Nonunion is difficult to manage for
both the surgeon and the patient and places a
major financial burden on health-care systems.6
Several risk factors for the development of non-
union have been identified.7 Gender, age, the
presence of diabetes mellitus and osteoporosis,
smoking, the use of non-steroidal analgesics and
alcohol abuse all represent general risk factors,
while the characteristics of the fracture, infec-
tion, vascular damage and high-energy or multi-
ple trauma are considered to be local risk
factors.7 The traditional classification into
hypertrophic, normo/oligotrophic and atrophic
nonunion8 has recently been called into ques-
tion,9 and a reliable radiological, laboratory and
clinical diagnosis of delayed union or nonunion
remains a difficult task.10 The four main causes
of nonunion are insufficient stability of the frac-
ture, avascularity of the fracture fragments, the
presence of a fracture gap and infection.11 The
last can occur as a complication of the initial
injury, or as an adverse effect of treatment.
Infected nonunion is characterised by the forma-
tion of necrotic bone, the ingrowth of granula-
tion tissue, osteolysis and excessive movement of
the fracture which can result in loosening of the
implant and/or failure.11 As a result, it is consid-
ered to be one of the most complex and challeng-
ing orthopaedic complications.12
The goals of treatment of infected nonunion
include eradication of the infection, bony con-
solidation, restoration of the alignment and
length of the leg and functional recovery. Cur-
rent strategies of management propose initial
elimination of the infection followed by the
achievement of union of the fracture.12 For
septic nonunion, the Ilizarov method is consid-
ered to be the most successful treatment.13-17 If
gaps between the fracture fragments are
encountered after radical debridement of
infected nonunion, acute shortening and dis-
traction osteogenesis is a viable treatment
option.18,19 However, to date, there are no
authoritative guidelines available for the opti-
mal treatment for infected nonunion of the
femoral shaft in the presence of bone defects.
Our retrospective study was designed to eval-
uate the complications related to radical debri-
dement followed by distraction osteogenesis as
a method of treatment for infected nonunion of
the femoral shaft with bone defects. Although
this method is commonly used in the treatment
of infected femoral nonunion with bone defects,
we hypothesised that it is associated with a con-
siderable number of complications.
Patients and Methods
Ethical approval of this study was obtained.
Inclusion criteria were patients between nine
and 65 years of age at the time of diagnosis of
nonunion, infected nonunion of the femoral
shaft with bone defects and admission to a
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level-I trauma centre. Patients with aseptic nonunion, or
septic nonunion without a fracture gap were excluded.
Additionally, for inclusion, patients had to have a minimum
follow-up of two years. Information was gathered by retro-
spective review of the medical records and radiographs and
included gender, age, the characteristics of the fracture,
associated injury, the mechanism of injury, the method of
initial treatment, the infecting pathogen and the number of
previous operations. In accordance with the latest defini-
tion by the United States Federal Drug Administration,
nonunion was defined as a fractured bone which had not
completely healed within nine months of injury and which
had not shown signs of progression towards healing for
three consecutive months on serial radiographs.11 Non-
union was analysed with regard to the pathogen, the classi-
fication of nonunion described by Catagni,20  angular
displacement, the size of the bone defect, the duration of
distraction osteogenesis and complications of treatment.
A total of 50 consecutive patients (41 male, 9 female)
was identified who had presented for reconstruction of an
infected nonunion of the femur between January 1989 and
December 2000 (Table I). They were followed post-
operatively for a minimum of two years or until union
occurred, and were evaluated by a standardised physical
and radiological examination at each clinical visit. Infec-
tion was diagnosed if there were draining sinuses or pus at
the site of nonunion or by positive culture from bone and
deep soft tissues.21 A segmental bone defect was defined as
absence of evidence of contact between the bone ends on
either side of the nonunion on two orthogonal views.22
Bony gaps were measured on a current radiograph after
correction for magnification from the point at which at
least 50% of the diameter of the bone was present in the
proximal fragment to the corresponding point on the distal
fragment.22
The mean age of the patients was 29.9 years (9.0 to 58.0).
In 25 there was no associated injury, while the rest had soft-
tissue injuries, additional fractures, severe traumatic brain
injury or vascular lesions. In all, 40 patients had initially sus-
tained open fractures and 39 had been involved in motor-
vehicle accidents. A mean of 3.8 (2 to 19) previous unsuc-
cessful operations had been performed (Table I).
Operative technique. The surgery was divided into three
steps, namely, radical debridement, application of an
Ilizarov external fixator with an osteotomy and distraction
osteogenesis. The first step involved removal of any hard-
ware and radical debridement of the infected site. If a drain-
ing sinus was present, Methylene Blue dye (Sigma-Aldrich,
São Paulo, Brazil) was injected into the sinus one day before
the operation to demarcate hypovascular or avascular tis-
sue, as previously described by Krishnan, Pamecha and
Patwa.23 Necrotic tissue was debrided until the bony ends
showed punctate cortical bleeding, indicative of viable
bone.24 Samples of the infected bone and deep tissues were
sent for microbiological culture and sensitivity testing.
Peri-operative antibiotic prophylaxis was provided by the
administration of 1 g of cephalotin intravenously, which
was continued post-operatively for three days at a dose of
500 mg six-hourly. Thereafter, oral antibiotics were contin-
ued for ten days based on culture and sensitivity testing.
The circular ring fixator was configured with a proximal
femoral arc, a mid-femoral ring, and a distal femoral ring,
which were connected by conical 5 mm pins. The femur
was transfixed with flexible stainless steel wires 1.8 mm in
diameter. Osteotomies were always performed at the more
vascular bone end of the nonunion, which has been shown
to have higher osteogenic potential25 and to give less regen-
erates of better quality bone.26,27 Osteotomies were per-
formed percutaneously with an osteotome through the site
of pre-drill holes. A bifocal bone-transport technique was
used in all patients. This was started between the fifth and
15th post-operative day depending on the clinical condition
of the patient and the local soft tissues. The initial transpor-
tation rate was 1 mm per day, subdivided into four
0.25 mm steps every six hours. When poor tissue regenera-
tion was observed, osteotaxis was temporarily halted and
continued at the same rate after recovery of newly formed
tissue. The patients were kept non-weight-bearing for two
weeks after surgery, and then allowed 50% weight-bearing
between weeks two to four, followed by full weight-
bearing four weeks after surgery. Physiotherapy was initi-
ated on the second post-operative day. The patients were
Table I. Details of the patients
Variable Number
Gender
Male 41
Female   9
Mean age (range) in years 29.9 (9 to 58)
Fracture side
Left 28
Right 22
Fracture characteristics
Open 40
Closed 10
Associated injuries
None 25
Soft-tissue 13
Additional fractures   8
Severe traumatic brain injury   3
Vascular lesion   1
Injury mechanism
Motor-vehicle accident 39
Fall   5
Gun-shot wound   4
Periprosthetic fracture   1
Status post haematogenous osteomyelitis   1
Mean number of previous operations (range)  3.8 (2 to 19)
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evaluated at standardised follow-up visits at two and four
weeks, two, three, four, six, 12, 18 and 24 months or until
clinical and radiological union occurred.
Assessment of outcome. The primary outcome measures
reflected complications related to distraction osteogenesis
and included residual discrepancy of leg length, the range of
movement of the knee, superficial and deep infection, loos-
ening of wires or pins, external thigh compression from an
excessively tight fitting ring, deep-vein thrombosis (DVT),
vascular injury, residual pain and additional surgical pro-
cedures. The leg-length discrepancy was determined by the
use of wooden blocks increasing in size by 1 mm.
Secondary measures included the rate of union, the time
to clinical and radiological union and the extent of femoral
lengthening obtained. Clinical union was defined as pain-
less weight-bearing and lack of tenderness on physical
examination.28,29 Radiological union was defined as bridg-
ing bone on a minimum of three cortices on anteroposterior
and lateral radiographs.
Statistical analysis. This was performed using SPSS for Win-
dows version 10.0 (SPSS Inc., Chicago, Illinois). All data were
expressd as the mean (range). Statistical comparison was
performed using the non-parametric Mann-Whitney U test. A
p-value ≤ 0.05 was considered to be statistically significant.
Results
Details of nonunion. These are presented in Table II. All the
patients had a bone defect of > 2.5 cm (2.5 to 17.0). The
three most commonly infecting organisms were Staphylo-
coccus aureus in 23 patients, Pseudomonas spp in four and
Haemophilus spp in three which accounted for 60% of
infections. In 12 patients several organisms were involved.
The initial treatment of the fractures included osteosynthe-
sis with a plate and screws in 25 patients and intramedul-
lary nailing in 14 with the remainder being treated with a
variety of traction, external fixation and a cast (Table II). In
11 patients, angular displacement of the nonunion was
present. The mean duration of distraction osteogenesis was
24.5 months but varied significantly from two to
39 months. In six patients initial autologous cancellous
bone grafting from the iliac crest was undertaken because
of the bone defects.
Complications and further proceedings. Complications of the
treatment are presented in Table III. The range of movement
of the knee after completion of distraction osteogenesis
decreased significantly when compared with the pre-operative
range (Mann-Whitney U test p = 0.031). A total of 13 patients
had > 90° of flexion, ten had flexion of 61° to 90°, 12 of 30°
to 60°, and 14 patients had < 30° of flexion. One patient
required hip disarticulation secondary to sepsis. The range of
movement of the hip after treatment was full in 40 patients,
but ten had partially reduced or absent movement. Leg length
was fully restored in 18 patients, while 32 had residual leg-
length discrepancy of > 1.1 cm. All 50 patients had pin-track
infections. Some had a combination of pin-track infection and
loosening of wires or pins, deep infection, external thigh com-
pression from an excessively tight fitting ring, equinus defor-
mity, DVT or bleeding. One patient had an iatrogenic injury of
the profunda femoris, which resulted in septicaemia and ulti-
mately required disarticulation of the hip. Residual pain,
defined by tenderness of the site of the fracture on palpation
despite full weight-bearing, was found in 13 patients. A total
of 15 patients required further surgery with autologous can-
cellous bone grafting and 14 needed ipsilateral bone lengthen-
ing. In 49 patients the infected nonunion united within one to
three years. Those with femoral bone defects required a mean
of 5.7 cm (0.0 to 11.5) of femoral lengthening.
Discussion
The surgical treatment of bone loss is complex. Defects of
long bones can be managed by a variety of techniques, such
as conventional bone grafting, distraction osteogenesis,
bone-graft substitutes, prosthetic devices or vascularised
bone grafting.30 Distraction osteogenesis has been success-
fully used for the restoration of acute or reconstructive
bone defects18 and vascularised bone transfer is considered
to be particularly useful in large defects of more than 6 cm
and in cases in which the use of conventional techniques is
difficult.31 Although distraction osteogenesis is considered
to be most useful for managing infected femoral nonunion
with bone defects,11,12 only one series has been reported in
the literature.32
All our patients had complications after distraction
osteogenesis which is in agreement with previous studies.
Barbarossa et al33 reviewed 30 patients with infected fem-
oral nonunion treated by debridement and distraction
Table II. Details of nonunion
Variable Number
Pathogen
Staph. aureus 23
Pseudomonas spp.   4
Haemophilus spp   3
Other   8
Multiple organisms 12
Initial treatment
Plate osteosynthesis 25
Intramedullary nail 14
External fixator   5
Traction   5
Cast   1
Nonunion classification (Catagni)20 
B2   8 
B3 42
Angular displacement 11
Bone defect in cm†   8.8 (2.5 to 17.0)
Duration of DOG* in months† 24.5 (2.0 to 39.0)
Follow-up in years†   5.9 (2.0 to 9.8)
* DOG, distraction osteogenesis
† Mean (range)
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osteogenesis and reported an overall rate of complication of
63%. Only three had an excellent functional outcome. In a
review of 88 patients with limb lengthening by external fix-
ation, an incidence of pin-track infections of 96.6% was
reported.34 In another series of 41 cases of femoral and tib-
ial nonunion, of which 22 were infected, there was an inci-
dence of pin-track infection of 100%.16 Other authors have
described pin-track infection or loosening and reduced
movement of the knee as being the most common complica-
tions.13,14 Other reports of this method of treatment have
described a similar high incidence of complications including
pin-track infection, pain, severe oedema or dystrophy, loss of
alignment, joint stiffness, re-fracture and amputation.23,35,36
Similar complications have been encountered when using
distraction osteogenesis over an intramedullary nail for
osteomyelitis-induced femoral or tibial defects.24,37,38 Apply-
ing the same management principle for aseptic femoral non-
union, Inan et al39 reported an overall rate of complications
of 55%, including stiffness of the knee, osteomyelitis, septic
arthritis and pin breakage. Lai et al40 described the use of
combined distraction osteogenesis and twin-barrelled vas-
cularised fibular bone grafting for the reconstruction of
large juxta-articular defects of the distal femur. The inci-
dence of pin-track infection was 60% with the requirement
of additional surgery in all patients. In a series of 52
patients with infected nonunion and segmental bone
defects of the femur or tibia treated by an antibiotic cement-
coated intramedullary nail, the overall rate of union was 84%
with additional procedures required in 27% of cases and an
overall rate of complications of 31%.41
The limitations of our study include its retrospective
nature and the lack of a control group or a comparative
treatment group which does not allow the development of
true evidence-based guidelines for the optimal treatment of
this group of patients. Additionally, our study included
more men than women. Female reproductive hormones
have been shown to influence the inflammatory response
and outcome after trauma.42,43 It is therefore conceivable
that our results cannot be extrapolated to the general pop-
ulation. Finally, we included patients between nine and
58 years of age in our study. The immune system is known
to deteriorate with advanced age, rendering older patients
less able to mount an appropriate immune response after
infectious or traumatic challenges.44-46 Advanced age is
associated with a hyperinflammatory state which may con-
siderably impair the physiological ability to recover from
Table III. Details of the outcome and complications
Variable
Mean (°, range) knee movement*
Pre-DOG†   73.7 (0 to 135)
Post-DOG   63.3 (0.0 to 135)
Mean (cm, range) residual leg-length discrepancy (n = 32)
1.1 to 2.0 17
2.1 to 3.0   8
3.1 to 4.0   5
> 4.0   2
Number of complications
Pin-track infection 50
Wire/pin loosening   4
Deep infection   2
Thigh compression by tight ring   2
Equinus deformity   2
DVT‡   1
Bleeding   1
Vascular injury + sepsis + hip disarticulation   1
Number of patients with residual pain 13
Number of additional surgical interventions
Bone grafting 15
Ipsilateral bone lengthening 14
Union 49
Time to consolidation in mths¶ 20.7 (12.0 to 35.0)
Femoral lengthening in cm¶   5.7 (0.0 to 11.5)
* p = 0.031
† DOG, distraction osteogenesis
‡ DVT, deep-vein thrombosis
¶ mean (range)
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trauma and infection.47 Nevertheless, to our knowledge,
our study represents the largest retrospective series on the
outcome of patients with infected femoral nonunion and
bone defects treated by distraction osteogenesis.
Despite the inherent limitations of our study, the high
rate of complications experienced by our patients under-
going distraction osteogenesis has made us reflect on the
safety and efficacy of this form of treatment. There are alter-
native surgical techniques for the treatment of segmental
femoral bone loss in the face of infection, such as large seg-
mental bone grafting with reamer-irrigator-aspirator-col-
lected bone and the Masquelet technique.48-50 However,
although these new approaches offer promising initial results
with reduced rates of complications, no definitive and
authoritative conclusions can be drawn regarding the safety
and efficacy of these other options. Therefore despite our
concerns, we are continuing to use distraction osteogenesis.
We conclude that infected nonunion with bone defects
continues to represent a major challenge to the orthopaedic
surgeon12 and while distraction osteogenesis can address
bone defects, deformity, malrotation, limb-length discrep-
ancy and nonunion simultaneously, the rate of complica-
tions is high.12 Of note, smoking and the use of non-
steroidal anti-inflammatory agents appear to be associated
with complications during Ilizarov/distraction osteogenesis
reconstruction.51,52 The careful selection of patients and the
appropriate choice of medication may reduce the incidence
of adverse effects during treatment. Large prospective, ran-
domised studies are needed to provide definitive data on the
ideal treatment for nonunion of the infected femoral shaft
in the presence of bone loss.
No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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